MATERIALS AND METHODS

Circular dichroism (CD) spectroscopy
For CD kinetic experiment, KCl was added manually to the cuvette from a stock solution and mixing was provided by an in-cuvette magnetic stirring bar. After a mixing time of 10 s, spectra acquisition was initiated using an interval scan of 30 min. The temperature was maintained at 37 °C. Data related to the folding process of kit*17 were analyzed by means of SVD analysis (1, 2) . The D matrix, defined
by the optical signals in the whole wavelength range (rows) acquired at each single temperature 
Equation 2
where θ t is CD signal at time t, a and b are fitting parameters and τ is the relaxation time of the process.
The fitting parameters formed the H matrix. By multiplying the H matrix for the U x S matrix, the actual shapes of the dichroic signals of species in solution were obtained.
CD melting studies were performed on kit* and kit*17. The experiments were carried out between 25 and 95°C in 150 mM KCl. The heating rate was 50°C/hour where at each 2°C the temperature was held for 5 minutes and the corresponding CD signal was recorded at 294 and 264 nm for kit* and kit*17, respectively. The melting profile of kit* that shows only one fully reversible melting transition was analyzed by fitting the signal variation according to a single-transition model based on van't Hoff formalism (3, 4) ,
where T is temperature, θ T is the CD signal at temperature T, u and l are fitting parameters, ∆H is the enthalpy of the unfolding process, R is the ideal gas constant and Tm is the melting temperature of the folded oligonucleotide.
The melting profile of kit*17, presenting two distinct melting transitions, was analyzed by using a twotransitions model based on van't Hoff formalism (3, 4) ,
where T is temperature, θ T is the CD signal at temperature T, u, a and l are fitting parameters, ∆H1
and ∆H2 are the enthalpies associated to each melting step, R is the ideal gas constant, T m1 and T m2
are the melting temperatures.
UV spectroscopy
UV melting experiments were recorded on a Varian CARY-100 BIO UV-VIS spectrophotometer (Varian Inc.) equipped with a thermoelectric temperature controller at 20 μM concentration of oligonucleotides per strand in 20 mM potassium phosphate buffer (pH 7.4) and 100 mM KCl.
Folding/unfolding processes were followed between 10 and 95 °C by measuring absorbance at 260
and 295 nm using scanning rate of 0.5 °C min -1 . Data points were fitted by applying Equations 3 and 4.
Fluorescence spectroscopy
Acrylamide quenching experiments were performed on previously folded oligonucleotides in 150 mM
KCl. The quenching efficiency was monitored at 370 nm at 25°C and plotted as a function of the acrylamide concentration. Data points were fitted according to Stern-Volmer formalism to obtain quenching parameters. Linear quenching correlation was analyzed using a one-component system model (5),
where [Q] is the acrylamide concentration, F 0 is the initial value of fluorescence, F Q is the fluorescence signal at [Q] and K sv is the Stern-Volmer constant.
Non-linear quenching correlation was analyzed according to a two-component system model (5),
where [Q] is the acrylamide concentration, F 0 is the initial value of fluorescence, F Q is the fluorescence signal at [Q], f is the accessible fluorophore fraction, K sv,1 and K sv,2 are the Stern-Volmer constants.
Polyacrylamide gel electrophoresis (PAGE)
A solution containing 3 µM kit* labelled with 6-FAM at 3'-end and 500 µM kit* (not labelled) in 10 mM TRIS, 100 mM KCl, pH 7.5 was incubated at room temperature for 1 h. Then the sample was loaded on a native 15% polyacrylamide gel (19:1 acrylamide: bisacrylamide) in 1× TBE and the gel was run at 10 °C for 3 h at 150 V. 22 and 44 bases long Scrambled oligonucleotides (22b, 5′-GGATGTGAGTGTGAGTGTGAGG-6-FAM-3′; 44b 5′-GGATGTGAGTGTGAGTGTGAGG GGATGTGAGTGTGAGTGTGAGG-6-FAM-3) were used as electrophoretic mobility markers. The resolved bands were visualized on an image acquisition system (Geliance 600 Imaging system, Perkin-Elmer).
Structure calculations and molecular dynamics simulations
The structures of kit* G-quadruplex were calculated by the simulated annealing (SA) simulations. The force field parameters were adopted from the Generalized Amber force field (6) . SA simulations were performed using the CUDA version of pmemd module of AMBER 14 program suites (7, 8) and Cornell et al. force field basic version parm99 (9) with the bsc0 (10), χOL4 (11), ε/ζOL1 (12) and βOL1 (13) refinements. The initial extended single-stranded DNA structure was obtained using the leap module of AMBER 14. A total of 100 structures were calculated in 80 ps of NMR restrained SA simulations using the generalized Born implicit model (14, 15) . The cut-off for non-bonded interactions was 999 Å and the SHAKE algorithm (16) for hydrogen atoms was used with the 0.4 fs time steps. For each SA simulation, a random velocity was used. The SA simulation was performed as described (17) : in 0-2 ps, the temperature was raised from 300 K to 1000 K and held constant at 1000 K for 38 ps.
Temperature was scaled down to 500 K in the next 24 ps and reduced to 100 K in the next 8 ps and was further reduced to 0 K in the last 8 ps. A family of 10 structures was selected based on the smallest restraints violations and lowest energy. Figures were visualized and prepared with UCSF Chimera (18).
Molecular dynamics simulations
For molecular dynamics simulations the kit* G-quadruplex was placed in a truncated octahedral box of TIP3P water molecules with the box border at least 10 Å away from any atoms of the G-quadruplex.
Extra K + ions were added to neutralize the negative charges of the G-quadruplex. The force field for MD simulation was the same as for the SA simulation. The simulations were performed with the CUDA version of pmemd module of AMBER 14 (7, (19) (20) (21) (22) . Prior to MD simulation, the system were subjected to a series of minimizations and equilibrations. The equilibration protocol started with 1000 steps of steepest descent minimization followed by 4000 steps of conjugate gradient minimization with 10 kcal mol -1 Å -2 position restraints on DNA atoms. Then the whole system was minimized by 1000 steps of steepest descent minimization and 4000 steps of conjugate gradient minimization without restraint.
The system was heated from 0 to 300 K during 100 ps with position restraints of 10 kcal mol -1 Å -2 on G-quadruplex. Afterwards, the system was equilibrated during 50 ps at constant temperature of 300 K and pressure of 1 atm with 2 kcal mol -1 Å -2 restraints on DNA atoms. Finally, the system was equilibrated using starting velocities from the previous equilibration without position restraints.
Pressure coupling used during equilibration was set to 0.2, coupling during the last molecular dynamics phase was set to 5. The production simulation were carried out at constant pressure of 1 atm and constant temperature of 300 K maintained using Langevin dynamics with a collision frequency of 2.0. Periodic boundary conditions were used, and electrostatic interactions were calculated by the particle mesh Ewald method (23, 24) with the non-bonded cutoff set to 8 Å. The SHAKE algorithm (16) was applied to bonds involving hydrogens, and a 2 fs integration step was used. The production run was carried out for continuous 200 ns and the snapshots were written at every 1 ps. Three MD simulations were performed with different initial velocity distributions.
Trajectories were analyzed using the CPPTRAJ module of AMBER. H NMR spectra of kit* and kit*+c at 5°C. NMR spectra were recorded at 100 mM KCl, pH 7.4 on an 800 MHz spectrometer. H NMR chemical shifts given in ppm were measured in 90% H2O / 10% 2 H2O, 37 °C, 0.5 mM concentration of kit* oligonucleotide per strand, 100 mM KCl and 20 mM potassium phosphate buffer (pH 7.4) and referenced to TMS. "n.a." stands for not assigned chemical shifts. 
RESULTS
